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INTRODUCTION 


During the thirty-nine years since Laue discovered 
what x=rays interact with crystalline materials to give 
diffraction effects, x-ray diffraction has become an 
exceedingly valuable tool to industry and research. The 
chemist and physicist as well as the minerologist have 
a, in x-ray diffraction, a powerful adjunct and often 
a substitute for more costly and time consuming analyses. 
Tae metallurgist recognizes x-ray crystal structure analy- 
Mas tho outstanding contribution of the science of 
EN SIcs to tho study of alYoys. X-ray diffraction 5 
١۰۰177۷7۷۵8 the soil scientist to maite some of his greatest 
Strides toward a more complete knowledge of soil make-up 
and behavior, 

ma 29506, using x-ray diffraction, Hendricks and Pry 
Covered that the clay materials of soil were crystal. 
Bere. This was definitely confirmed in 1951 by Kelley, 
ere and Brown and these discoveries led directly to the 
weembification of specific substances establishing them to 
pee Geomposed principellv of given clay minerals °2. Since 
(> time, investigators have used x-ray diffraction to 
ly the crystalline structure of the clay minerals, to 
establish a system of their precise identification, to 
study the hydration characteristics and behavior due to 


mm wetting of expanding lattice clays, and to study tne 





men 
base exchange mechanism of clays. 

Quantitative analysis by x-ray diffraction has been 
put to extensive use in the field of chemistry and it is 
believed that the same can be achieved in the soils field. 

The principal objective of this thesis was the devel- 
opment of a good TECHNIQUE for tne x-ray diffraction of 
clays such that the penetration and reflection of x-rays 
were a maximum with a minimum amount of exposure giving a 
EIL and complete diffraction pattern. This entailed: 
Mr rivins at an optimum clay particle size; (2) estab- 
fishing a procedure whereby the clay sample, both dry and 
then fully nydrated, was casily prepared for mounting in 
the x-ray camera so as to have the proper shape, size and 
Consistency; (5) choosing the most advantageous x-ray 
Garget material and the optimum radiation line and series 
of that matorial; (4) determining the proper x-ray photo- 
graphic film and exposure time; and finally, (5) proper 
re rpretation of the resulting diffraction pattern so as 
۱۱ ۳ ۷91101 ۲8 the identification of the clay and study its 
expansion characteristics duo to the effects of homo-ionic 
saturation and hydration, 

Such research is not new as it has been done many 
times before, and numerous results have been published. 
However, very little information has been published cover- 
ing the actual procedures followed and what methods of 
eamole preperation were used. Practically no data is 


offered in these published resuits which enable us to 
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IUS 
Nono such essential information as particle size, 
500212120615 sie, ion content of clay, moisture content and 
٣٠۰۰ of clay. Without such information available, the 
mesults are of no practical value. 

Wath the above eriticisms in mínd, it was decided to 
make it a subscquent objective of this thesis to establish 
Finite procedure for the x-ray diffraction of clays 
which can be readily followed and applied toward future 
investigations of soils incorporating such possibilities 
me 1dentifying and measuring the components making up the 
Soil, determining the state of chemical combination of the 
EUrtuent elements, determining the nature of the ad- 
Borbed ions, and obtaining an indication of the processes 
involved im the depositis consolidation, and 7 


©. the soils, 





PART II 


THEORY 











ze 


72 


ع AE t‏ ہا حطس ےم 


: 2000 3 : ة‎ PE Es eee : AE ۱ ہج‎ : 
E ES PROS ای در ا جو الو‎ ef atone or moleculas 


EN ۳ 1 eich e manwer thet chey fos oefo nito faedaíos of 


^ ~ae E ra S E in! - «1 5 u. ~ 
رجات‎ ENS O LODO UE O OL DE N 0 011 س6711‎ 
3 5 [> 0 4 一 m 
۰ ۱ 7 DO lee UTC ج 206ھ‎ 7 
E T : ووه‎ I. a —— 
۱۳ ۱ tne crystal, the 5raggs' ^/ were ablo to reduce lanus» 


۳۰۰۱۱۱۹. natheratically complex analysis or this interaction 


Am 


between x-revs and crystalline matter to terms c? great sim- 


iiy. in figure 1, two such planes AB and CD represent 


Enccof the many families of planes found in a erystal. Two 
rays omf and gnoph of the defined x-ray beam are shown to 
artiy reflected from these plances when striking them 


°7 


Man incident and reflected angle of @. According to the 


x 


laws of optics(2) ， these reflectea rays must be in pres to 
EN USoPvod ns a reflection. Consequently, ray gnoph must bo 
longer than ray emf by an integral valve of the wave length 
۳ inspection reveals that this path difference is the 

EE Uanece nop and thet no z d sin 6, andwop ح‎ d sin 6% thus 
ENS 2d sin 8 = nA, which is tho statement of Bragg! 
law(5): "A given wave length will be reflected in a given 
Spectral order only when the glancing angle takes a unique 


pue S". 
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Figure 1. Reflection of x-ray*beam from planes in face of crystal 
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I comornetiron ol ı relleceved beam Ls conditioned by the 
NM Spenee of equally Spaced Layers of particles, but not upon 
the regular spacing of these particles within the layers. 

Those sets of net planes which are densely populated 
Commonly occur as crystal faces and emit high intensities of 
reflection whereas those net planes of sparse population do 
Mot occur as face planes and emit low intensities of reflec- 
Pron. 

A crystal is essentially a pattern. The atoms are 
arranged according to a plan, such that the same configura- 
mem 1s repeated at regular intervals in all three dimensions. 
men a pattern is three dimensional, as in a crystal, the 
array of points at which the pattern repeats is a "space-~ 
Mic". By joining the points space can be divided into 
ries of parallel-sided unit celis each of which contaims 
complete unit of pattern. The whole structure is formed by 
EE unit colls sido by side. The volume of each unit 
EI is the sane, 

The axes of the unit cell are designated as a, b and c 
ee shown in figuro 2. 


é 


FigupPer 2. Wait Cell 





Tho edgos of the unit coll are tormod "unit translations" 
۱۳۱ ۱۵ pattern. 
Ihe various planes of a crystal are designated by their 


intercepts (h, k, 1) on the reference axes a, b, c respective- 





do 
MN Po eL IsWperpamd:cular Lo 9€ cmt opera 1 
vo the a ana b aës Is aesignated as a (0 O i) plane. 

Those points of the space-lattice at which the patterns 
51 ۰ crystal repeat are occupied by atoms and are termed 
Matice particles or points". Any plane of e crystal which 
Nuoccupiod Dy lattice points is khown as a "cPystal plane" 

Br "net plane". A crystal face is always parallel to a net 
plane. 

EESUCTU] "erystal fscUs aro parallel to the more densely 
crowded net planes of tho space lattice. 

Soherical waves are created when x-rays, which are 
@meecromearnetic waves, cause foreed oscillations of the 
planetary electrows of the=atoms which they traverse tho 
Sloectrons absorbing energy from the x-rays when moving away 
Brom thernweleus and radiating energy in all directions when 
moving toward the nucleus. The dimensions of the spacc-lat- 
mec are Of the same order or magnitude as the wave lengths 
of x-rays and this three-dimensional point system will pro- 
Huge vory narrow pencils of ravs only in those directions in 
which those spherical waves are in phase. These reinforced 
memes arc the rays that producc the individual spots in x-ray 
Patterns (Lave, rotation, Weissenberg, etc.) obtained from 
Eee crystals, If the single crystal is replaced by a large 
Eber of smaller crystals, that is, a powder, their statis- 
meee Orientation, unless preferred orientation effects result 
E to peculiar crystal shapes, then must produce a whole 
٣۰٦۰٢ of such discrete pencils, so that as a result a contin- 


pus diftpraction cone is obtained. If this cone is now re- 
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Icd onm 4 paootorraphic fila placed ove-sp-:.71eul4*7 to the cone 
Ee ss tano dillraction effect i15 obtained as line which is in 
emo Form of a fing. A vettern om which the diffraction rings 
from all families of planes have been recorded is usually 
meacrred to as a powder pattern and consists of a series of 
memeontric rings on a flat film, or axes of rings on a cylin- 
amical strip of film. 

A fixed space arrangement of atoms with definite fixed 
distances between them must always produce precisely the same 
Bezay pattern, Furthermore, if the same space arrangement 
Ns netainod but the distances between atom centers are 
chanzed, the x-ray pattern will retain its same goneral appear- 
meee but will either expend or contract. On the other hand, 
Ehle space arrangement is altered, the pattern is changed. 
EUuSeguently, x-ray diffraction patterns are a sort of finger- 
EU oi crystalline matorials. isath individual substance 
wesent in a mixture will produce its unique diffraction 
EDroets, so that tho pattorn derived from the mixture is a 
composite of the patterns of all the materials cr compounds 
me tie mixture. Furthermore, the intensities of the lines 
IO individual patterns are a function of the relative 
Euxcunt of the material present in the mixture, so that the 
Od also has quantitative aspects. 

mic clay mmenale offem a fascimating field of study 
ES Tray analysis, the exploration of which has only been 
commenced, The typical minerals are micaceous in structure, 
consisting of thin hexagonal flakes with perfect cleavage. 


Mere cen be little doubt that all are based upon the sheet 





= Se 


Meena ked totrihedral egroups which is characteristic of the 
Mica minerals., 

Mic Principal wonstituents oT the lattices of the 
warous clay minerals are the unit cells of the silicon- 
oxygen tetrahedron and the aluminum-hydroxyl octahedron 
Which are bonded together by electrostatic forces and form 
the tetrahedral silica sheet or chain and the Gibbsite sheet 
mespectively. 

X-ray diagrams of clays show two separate series of 
Eines (or bands), ono due to the "two dimensional crystallites" 
memeeces h, k, 1), the other a single series of orders, 
indexed (0 0 1), due to the intersheet separation. Only the 
latter series changes in adsorption reactions, and from it 
mee (0 0 1) spacing, and thus the separation of the structural 
Ms are readily dodueec. In adsorptive reactions with 
SE minerals (particularly montmorillonite), molecules of 
MENO and iens can penetrate between the structural sheets, 
mews exnanding the whole crystallite structure, a change 
detectable by x-ray diffraction and thus enabling the study 
Blythe expansion charsecteristics of the clay minerals. 

foe remarkable activity of mentmeriilonite in adsorption 
2S no doubt connected with a common peculiarity of its crys- 
talline structure, which is such that regular (two-dimension- 
SeeyecryStalline) sheets are superposed without any regular- 
ity (except for constant separation) and are held together 
by relatively weak forces. 

for Cnceappilifeation of x=rpay difiraction for the 


men ification of clay minerals, the interpretation of the 
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Fr. 2emuires tne conversion of the lines in the x-ray powder 
p cborm to thcir eorrespondamrc interplanar distance seo that 
Hanawaltts(4) method employing the card file of x-ray diffrac- 


tion data can be used; or an extended series of standard 


patterns which are used for direct comparison, 
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APPARATUS 








APPARATUS 


BLECTRODIALYZER. The electrodialyzer used was a 
standard three-cell BRADFIELD type operating with 110 volts 
D.C. Each of the three celis is separated from the other 
by cellophane diaphrams which are impermeable to water but 
highly permeable to ions. The diaphrams are mounted between 
U-shaped rubber gaskets which in turn are backed by metal 
plates. This entire arrangement is clamped together forming 
a sandwich which encloses the three separate cells. This 
three-cell arrangement is conveniently mounted on a stand. 
The two outer compartments are the cathode and anode while 
eae central cell contains the material which is to be 
Eu UccPodialyzeoed. The cathode is a nickel screen and the 
anooe is a platinum screen both of which are placed inside 
the cells designated as the cathode and anode cells re- 
Seeectively. <A glass tube arrangement is inserted into the 
cathode and anode ceils and tap water is run through it 
continuously such that adequate cooling of the poles is 
7ھ‎ ۰ 

Ene sample, mixed With discilled water to Form a Bol, 
٠۰٣٥ 1١ہ‎ the central coll, The outer cells are 
fitted with distilled water which is continuously replaced 
in the cathode cell from a source located above the equip- 


ment, the water bsing fed by gravity flow and maintained 





-]1- 


at a constant level within the cell by a simple overílow 
arrangement. The anode is pcriodically replenished with 
۲۳۰۱ 1 ۵0 water by manual draining and refilling, only 
periodic replacement of the distilied water being neces- 
sary since the anion content of clays is slight compared 
۱ lhc cation content. 

This BRADPIS¿LD electrodialyzer was manufactured by 
Me ntral Ssciontific Co. (Coneo) and the wiring diagram 


۲۰٦۰٢ shown in Figure ó. 
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200 ohm resistanee 
E evrodialyzor-* 


Figure ó. Wiring diagram of the BRADFIELD three-cell 
29 6 007۲0013 017710۰ 


Ese theory of electrodialysis of clays will not be 
atuvempted here as there are many fine refcrences pertaining 
to this, ono of which is exceptionally good(®), 

Figure A (page 82, Appendix) is a photograph of the 
Ano ly used for the electrodialysis of the Rock River, 


Wyoming Bentonite. 


APPARATUS FOR THE LOHIC SATURATION OF HYDROGEN BEN. 
Em. This apparatus merely consisted of a 600 ml 
beaker containing the hydrogen bentonite as received from 


EN Ucetrodialyzor, a mechanical stirrer employing a glass 


cias rod, a 50 ml burette containing the appropriate 





uU. 

hydroxide compound, and a BECKMAN pH meter Model G with 
E NIDNMOI eleicbrodes. The clay, still inm sol form, was 
beat with the stirrer while the hydroxide compound was 
slowly added. The calomel clectrodes of the pH meter were 
kept immersed in the sol thus enabling a constant recording 
er the pH of the material. 

SAMPLE DXTRUDER. This extruding device is best illus- 


trated by Figure 4. The dry powdered clay is mixed with 


NS ceviindrical plunger 
` کے‎ 


8۰۰ 7800720 - 7 
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At. 4. Sample Extruder. 
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MO the cylintrical chamber. The turned down portion of 
maeeecy!lindrical plunger, which fits into the chamber with 
holy close tolerance, is used to compress the clay 

mee one chamber thus forcing it to be extruded through the 
0.020" hole producing a thread-like clay sample 0.020" in 
meter. The stand is used to support the complete 
assembly. High grade steel was used in tne production of 
EuEprioce of this extruder. A photograph of this complete 


assembly is shown in figure A (page 81 , Appendix). 





-15- 
X-RAY EQUIPMENT. The general set up for taking X-ray 


UNMRPECUTOn patterns of clays is illwstrated in Figure 5. 
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Peepure 5. Schematic diagram illustrating general set-up 
for ne 下 ai diviraction of clays. 


rm 
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Eucuemcnt tas erxmer, X ls am karay tube, F iswa 


t Je 
۷۵ 


INS, Si and So are slits in thin shoots of lead, O is 

me mounted clay nowder sample and C is a narrow strip of 
۱ 

0 1م0512‎ film bent over a semi-circular strip of brass 

Memeentric with the clay sample. This diagram is highly 

simplified to better illustrate the fundamental considera- 

tions involved, 

The filter is a shsst of metal chosen of such material 
mec it specially absorbs all wave lengths shorter than the 
desired one, leaving practically nothing but a single in- 
tense line, the® line of the X series of the anode material. 
MA Copper target, the proper filter is nickel. X-rays 
Emt pass through the filter whieh absorbs all but a single 
Mave length; then through the two slits which confine them 
to a narrow beam (about 1 mm wide); then through the pow- 
@ereca clay sample which scatters or "reflects" a very small 
fraction of them; and thence to the center of the photo- 
graphic film (which can be a flat film as well as a cylin- 


drical strip of film). "hen the film is developed it Shows, 





-14- 
in addition to tne over-exposed portion in the center where 
poe dimect beam strikes, a series of other Lines on each 
side of the center. These lines constitute the diffraction 
pattern of the clay sample (see previous section on THEORY), 

An x-ray tube witn a copper target and a nickel filter 
were chosen for the work in this thesis as the © line of 
the K series of this material gives maximum sample pene- 
tration with minimum exposure (three hours). 

No ray theory nor winang dbagramsefer the partacular 
E T mseo in this thesis mill be given as they are quite 
meavyOolved and are discussed at Length in any standard text 
dealing with x-rays and radiography. 

Per te Generado Edectrdie diffractien tubesamsod in 
in this work the maximum kilovoltage is 50 K-v.P. and the 
Demum tubo current is 20 milliamps. 

A photograph of the x-ray tube is shown in figure B 
Mare 82 , Appendix). 

POWDER CAMERA. The DEBYE SCHERRER powder camera is 
widely accepted as an excellent x-ray camera for obtaining 
X-ray diffraction patterns of powdered samples. A drawing 
IAS powder camera, used in this work, is given in 
Be 7 (wage 03, Appendix) and a photograph of it im 
Position with the x-ray tube is shown in figure 


(page 82 , Appendix). It is essentially a brass cylinder, 


9 


۰۰۰۰٠ at one end, with a brass collar which fits, with 


E tolerance, concentrically inside. A strip of x-ray 


fem bio inches wide fits against the inside of the cylin- 





Er 
der and is prossed flat against it by a simple knob and 
slide arrangement which engages the ends of the film and 
Pesliding along the cylinder's perimeter, forces the film 
Ee flush against it. The collar, mhich has a slit along 
lis perineter to allow the passage of x-rays to the film, 
INE inside tho cylinder against the film thus holding the 
E secure in its position. The slit is covered with 
ê paper to protect the film from exposure to light 
and vet docs not hinder the passage cf x-rays. The two- 
DO arransement as described undor the x-ray apparatus 
۳۰۰ is mado possible by e taperod spindle which is 
EoPted through the cylinder, the film, and the collar and 


meojects inwardly training toward the exact center of the 


d 


Seeder, This spindle has 0.030" diameter hole drilled 


© 


Eich it and thus serves the purpose of narrowing or 
collimating the x-rays to 0,050" in width. With proper 
ment of the camera, the narrowed x-rays are directed 
toward the samplc by the collimation spindle. Tho camera 
aS mMOunted on a stand which makes possible the adjustment 
ANC camera about horizontal axes at right angles to each 
ICT. 

Enc Sample, which must be in tho form of a cylinder 
AE 0.2 mm in diameter and one inch long, is mounted 
mea small sample holding tube which fits inside a well 
Ne center of the camera. The x-rays, reduced to 0.030" 
EA, are directed to the sample by the collimation spin- 


die, pess through the sample being reflected during this 


mb ec ١ «mem pa | 
.- - wd» 的 < M we ۱ 
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Eransıt, sand continue om through another spindle which 
feos throush the cylinder diametrically opposite the ccl- 
mation spindle. This second spindle plays the role of 
allowing the x-rays to pass through the entire assembly 
so that they can be detected on an x-ray-sensitive sercen 
memnted on a small Stick which is held in the operator's 
hand. Proper alignment of the powder camera 1s accom- 
plished when a concentrated x-ray beam is seen scintilla- 


EN fron the sercen. 


mun; CASSETTE. This is nothing moro than a meta 
Beetansular frame for holding and mounting, into position 
merore the x-ray tube, 5" x 7" flet, rectangular photo- 
@eeonic film. AS" x 7" piece of opaque paper, which pro- 
ENS the film from exposure to light but does not hinder 
mee possacc of x-rays, is placed into the frame and then 
o' x 7" flat film is placed inside the frame against the 
Peper. 4 5" x 7" piece of stiff cardboard is then placed 
against the film and everything is finally sandwiched to- 
anner by a metal backing which is forced against the 
cardboard by two springs which bear against the frame, 
Mees assembly is mounted before the x-ray tube and a 
0.020" pinhole arrangement narrows the beams which are 
Girected at the cassette 6 cm. away. A small lead plug 
susnended by a wire is placed against the cassette where 
ES Tays strike so as to absorb the direct beam. The 


Ee, again in the fora of a small tube or cylinder, is 
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۰۰۰۱٠۱۱۱0۸ 0ب6‎ conter or the pinhol: such thac the 
٣۰۰۰۰ ۱8ت‎ 0 x-ray besms pass through jt and ^ro rofioctod onto 
lla in tho cassette giving the desired diffraction 
۶۲. 
WOO TID of the flat cassette in position with 


tho x-ray tubo is shown in figure B (page 82, Appendix). 


MEASURING DEVICE. This is used to measure the radi 

BENE UC diffraction rings of the diffraction pstterus 

Mos ring on the negatives. The film, botn strio and rec- 
ENEEUulap, is clamped in a horizontal position and a slide 
viewer with a ading hair and vornior is placed with the 
EN" coinciding with the ring being read. Tne radius of 
E ring is then camputed from tho roading on the vernicr. 
E measuring device is placed cver a light-box so that 
lL shining up through the film enhances the reading 


of the film. 


LVÚÓLOPING AND PRINTING EQUIPMENT. Standard devel- 
Oping and printing equipment was uscd in developing and 


cines the diffíraction patterns. 


۹ Nu 
— 2 å rime ان‎ 8 


* | aee — % 














- 


PROCEDURE 


Rock River, Wyoming Bentonite; Dry Branch, georgia 
۳ ۱۱۳1 مهن‎ and Joliet.» Illinois Illite - Bearing Shele were 
chosen as representative of the three basic clay types. 

The cations Hr, Nat, K* and Catt were selectad for 
۱۳ lonic saturation of the clays as they are coumorly 
mem in clays in nature. 

lvorcGer to study the expansion characveristis: f 
ENECBosen clays due to their hydration, the prepared 
clay samples were first oven dried at oo ۲ ۰ 2 TIUS 
and were then completely saturated witb distilled water. 

Each clay was passed through a No. 200 mesh sieve in 
ENNBttempt to arrive at the optimum particle size for sharp 


neu diffraction patterns. 


HOMO-IONIC SATURATION OF CLAYS. The Bentonite was 
placed in a mechanical mixer along with distilled water 
and was thoroughly mixed producing a clay sol which was 
placed into the central cell of the Bradiield electrodia- 
EP. Electrodialysis of this clay sol was allowed to 
Rue until the pH was reduced to 5.2 as compared to 
fmemoriginal pH of 7.9. The pH determinations were made 
with the use of a standard Beckman pH meter. Electro- 


WW Zing a clay sol to a pH of 5.0 to 3.5 produces a pure 


© ww 


1 
HY 7 The Ht bentonite sel mith a pH of 3.2 was 
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removed from the electrodialyzer and a portion of it was 
paced into a 600 ml. beaker. Using tho evraugemeni as 
described under APPARATUS, the sol was beat continuously 
while a 0.1 normal solution of sodium hydroxide was siowly 
added until a constant pH reading of 8.2 was obtained, 
This method was in accordance with reference (7) fo» the 
Brenaration of a relatively pure sodium clay. Pocasslom 
TER cinn bentonita were also preparec Er nis 'reihod 
0” ا يلب ا‎ normal solutions of potass?un hrdroxjó* und 
EN n bxcroxide respectively in peces of bno Ou a 
Eudr»oxido. 

The corresponding nomo-ionic samples of kaolinite 
Saeo illite alone with more bentonite were prepared by TW. 
Mees and J. C. Hufft (9), by tho potentiometric ti- 
tration method starting with hydrogen clays which were 
۲ ۱۱۳۸۵4 by displacement with hydrochloric acid. 

The following samples were made available for x-ray 

1 

ERU Paction studies: HT, Nat, Kt and catt bentonite using 
electrodialysis to obtain the Ht bentonite; H+, Nat, xt ana 
Catt bentonite, illite, and kaolinite using HCl displace- 
ment to got the EF clays; and tho original or as received 
samples of bentonite, illite, ana kaolinite. X-ray dif- 
fraction patterns were talzen of each of the above samples 
in the oven-dry state ME. opaca hours) and the com- 


pletely hydrated state. 


PREPARATION OF CLAY SAMPLiS "FOR X-RAY DIFFRACTION., 
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After obtaining the prepared clay samples, a suitable 
method for mounting the samples in the x-ray camera had 
to be devised. Before the method of mounting the pow- 
dered specimen, whether dry or fully hydrated, could be 
selected, the optimum thickness of the sample to be used 
had to be determined. An approximation as to tho thick- 
ness required was arrived at by the substitution of 


estimated values in the equation ®) t = & Where t ۰ و1‎ ۰۶ 


optimum thickness and aa is" the linear absorption coef- 
EE emnt ealculstod from the mess absorption coefficient 


according to the relationship: «= OD 


d being the donsity of the material, p the elemental 
۲۰۰٣٦٦9 in the compound ai mass absorption coef- 
ficients of the elements for the wave length of the 
radiation used. As previously mentioned, only an approx- 
imation of the optimum thickness was obtained by substi- 
ion in this equation as d and p had to be estimated, 
their actual values being unavailable. This approximate 
AT mess was 0420 mm. Past rescarchers had packed their 
samples into capillary tubes made of glass but this was 
ruled out because measurements on Pyrex tubes with wall 
۳۰۰٦٦ ٦ہ. ذ٭‎ just sufficient to permit careful handling 
showed forty to fifty percent absorption of the Cuke 
radiation. Plastic materials (materials with amorphous 


patterns and impormoablo to moisture) were preferred to 
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glass and in this respect, polyethylene tubing was first 
used to make the specimens. The tubing was fiiled with 

& clay sample, the ends were scaled by squeezing the 
plastic with hot tweezers, and the whole was pressed flat 
to about 0.2 mm. thickness. This proved unsatisfactory 

as the sample was not the proper shape nor thickness and 
the resulting pattern was highly diffuse and distorted. 
The size of the tubing was reduced and tightly packed 

with some of the dry powdcred clay so as to approximate 

meer tindor about 0.2 mm. in diametcr. This improved the 
sharpness of the pattern but did not remove the distor- 
Eun due to its not being truiy cylindrical. An attempt 
was then mado at rolling the powder between two glass 
Mes using Dupont Duco cement as a binder. The coment 
or acts as a Ciluent, and if kept to a minimum, generally 
does not affect the background of the dirfraction pattern, 
mecerding to Schioltz (9), "When Dupont household Duco 
cement is used as a binder for the powdered montmorillonite- 
moe Clay samples, the diameter and sharpness of the 
innermost linc in the pattern sives some information con- 
Sean toc identity of the adsorbed cations. Preliminary 
observations indicate that a broad diffuse line represents 
a mixture of cations, whereas o sharp narrow line repre- 
fees a rolatively pure single cation", This method of 
the two glass slides proved inadcquate, however, as it was 


BOO Gifficult to obtain the right size and shape of speci- 
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men. it was finally decided to try extruding the clay 
Deine Dueo cement againweasee binder and clay conditioner. 
ies, of course, could only bo applied to the dry samples. 
An extruding device (see APPARATUS) was thereupon designed 
such that the clay could be extruded into a thread-like 
Seecimen through a 0.015" diameter hole. This diameter 
proved to be too small requiring a long exposure time 
and the hole was increased in diameter to 0.020". This 
puswed to be highly satisfactory as the dry clay, mixed 
with a minimum amount of cement, was quickly and easily 
ENEPuded; tho resulting specimen had the proper cylin- 
moe! shape, the right thicknoss and the right comsiss 
tency sucn that the resulting patterns were sharp, com- 
plete and uniform. The specimen also proved to be durable, 
withstanding a great deal of handling without breaking and 
Bald De casily reclaimed and filed away for future rof- 
emence and use. A minimum amount of sample (less than 
0.01 gram) produced sevoral specimens two inches in length. 
All the final dry specimens were prepared for the x-ray 
als oxtrusion method, 

The preparation of saturated clay samples for x-ray 
diffraction proved to be a more perplexing problem. 
I mally, extrusion was out of the question. Other in- 
vestigators had packed clay pastos into glass tubing of 
various diameters sealing them with a waterproof cement 


such as DeKhotensky cement or plastocone in order that no 
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moisture be lost during x-raying. AS previously mentioned, 
glass has high x-ray absorption and also has a halo-like 
action pattern with long cxposures. The use of plastic 
materials was the natural recourse and polyethylene having 
led, it was docided to attempt the making of smaller, 
feud plastic tubing by coating an annealed copper wire of 
mae desired size with a plastic solution and removing the 
a tubing after the solution had dried. Polyethylene, 
Polystyrene, Lucite and Duco coment were cach dissolved 
Smee ormed on 2 wire, but each proved too difficult to 
Memove from the wire when dried. Success was finally 
achieved using ethyl cellulose dissolved in methyl ethyl 


cetono and xyl1o1 10), 


The annealed copper wire was 
Straightoned by a minimum amount of stretching and was 
Sue into two inch lengths. The dissolved plastic was 
۰۰۰٠۰۹ ٠٥۰٠ the wires and allowed to dry in an oven ait 
50°C. for 48 hours. After removal from the oven, the 
Eued Wires were gently stretched thus breaking the bond 
Detwoen the plastic and wire permitting the removal of the 
tubes. Drying the plastic-coated wires for periods in 
Bess of 48 hours resulted in the development of a 
stronger bond between the plastic and wire, making the 
oval of tho plastic tube too difficult. It should 
also be notcd that if the wire is stretched too much 
While being straightened, ductility is sacrificed and the 


wire breaks while being drawn to permit removal of the 
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PUDING. 

A photograph of the tubos is shown in Figure B , p. Ol, 
Appendix. 

The tubes made in this manner were cylindrical, the 
right size and rigid such that they could easily be han- 
dled. They were filled by inserting one end into the hy- 
Gad clay sample and running the wire, on which the 
tubes wore formed, through the tubes into the sample. The 
Le was thon pulled through in the opposite direction and 
thus created a vacuum such that tho clay paste wes drawn 
Euro position in the tubes. KR leakage of tubes 
was checked by drawing the clay paste inside and then 
pushing it out again to see if any escape of the clay took 
TS through the tube walls. Having been filled with the 
hydrated samples, the tubes were scaled by pinching the 
Eus With hot tweezers or by dipping tne ends into the 
ENSSolvod plastic and allowing tho plastic to dry.  Unfor- 
tunatoly, noither method vas thoroughly effective as tho 
ng 


Migediate x-raying after tho filling of the tubes. A more 


ES 


pe 


Samples cried cut after 6 or 8 hours thus necessitat 


meeeective means of sealing the tubes is yet to be found. 
The first tubes made in this manner were formed on 
No. 66 Bt S gauge wire resulting in a tube diameter of 
0.127 mm. These tubes proved to be too small requiring 
excessive exposure times and No. 24 B&S gauge wire was 


Meee used riving a tubo diameter of 0.5 mm. This proved 





۲۳ 00 dest es tho patterns of the hydrated samples con- 
tained in these tubes wore completo, sharp and uniform 
meoulring only three hours exposure, tho same amount of 
tine as was required with tho final extruded dry specimens. 

It should be nated at this point that the hydrated 
samples were obtained by beating the homo-ionic saturated 
Gleys and the as received clays in a mechanical beater 
Meets] CxCessive amounts of distilled water for fifteen to 
twenty minutes after wnich they were allowed to stand 
MM placed into the tubes for x-raying. 

Tne dry samples were prepared by drying the treated 
clays and the as roceived clays, grinding them with mor- 
tar end pestle, passing them through a No. 200 mesh sieve 
۲٣۰۰ہ ج۰15"‎ them in an oven at 110°C. for 24 hours. Those 
Mercicle sizcos passing the No. 200 mesh sieve proved to be 
EN for sharp, clear diffraction patterns. 

PROCHDURE FOR OBTAINING THs DIFFRACTION PATTERNS. 
۱ Tay specimens of the dry and hydrated samples were 
secured in the sample holder of the Debye Sherrer Powder 
Camera (see APPARATUS), the camera was properly aligned 
and a three hour cxposure was allowed. Kodak رو‎ 
film was used in the camera as it gives the best contrast 
for such work at a higher relative speed. The of line of 
Do series of Copper was used as the radiation us it 
glves maximua penetration with a minimum exposure, 


Tne Debye Sherrer Camera proved inadequate for taking 
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g@ifiraction patterns of the bentonite samples as the inner- 
MS ring oceurred in that region on tho film waere the 
hole for the spindle, opposite the collimation spindle, was 
۳۰٦۹ه.‎ In attempting to correct for this, the cl line cf 
mee K series for Chronium radiation was used as the wave 
Eh is about twice that of the corresponding copper 
Mectation and thus would increase the diameter of the inner- 
mest ring; however, this also proved inadequate. A flat 
۰۰۰٦۰٦٦٦٠ involving flat film which did not have to be 
punehed with holes was then used with satisfactory results. 
The same wes feared for the illite patterns so the cassette 
was used for five of them until it was discovered that there 
NES no inner ring for this pattern, whereupon tho powdor 
۲٣۰۰۰۰٦ was used. The lattice spacing of kaolinite is such 
that the powder camera was ideal for kaolinite patterns, 
MEMO to the discussion for the flat cassette in Part ITI 
(APPARATUS). 

Standard dark-ocm procedure was followed in doveloping 
See rcsultings diffraction patterns. A developing tank was 
provided with the proper developing solution, wash water 
ena fixing solution. The film was left in the developing 
sOluticn for seven minutes, washed for one minute, fixed 
for twenty minutes and finally washed for thirty minutes 
after which it was allowed to dry. 

READING THs PaTTaRN wD COMPUTING THE d-SPaCING. The 


radii of all visible rings cn the patterns were read fron 
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tho negatives using tho measuring instrument described 
under APPARATUS and the d-spacings of tho rings were com- 
putod. These rings represent the various families of 
planes in the respective clay crystals with the innermost 
ers ior bentonite end kaolinite clays representing the 
Bel, net or dool plane (see THEORY). The illite clays 
had no inner ring (see RESULTS AND CONCLUSIONS), The 
Metnod of computation for the d-spacings for the patterns 


obtained using the powder camera is as follows: 


E 


Camera and 
film — 






,SOiffraction ring 


X-rays 














r 
900 ° 28 
88 二 رقت‎ 
۳ئ‎ 
— = 90 2 
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2sin(290 x ) waemein nal, r=5.7 com., X is 
PY measured in cm. With vernicr, 
* = 1,5449 for CuKa radiation, 
m a Ys the computed spacing in 
p 
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Por the flat cassette:‏ 


00 ۷ی‎ ring „Han tan 28 8 X where X and S are 
S 
E icasured and 6 is computed. 


d= E whero n- E 


—— 


286 
1.54A% and d is the com- 
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puted spacing in AC. 

METHOD FOR IDENTIFICATION OF CLaAYS, The d-spacings 
E USIL visible rings aro computed and recorded along 
[econ the relative intensity of cach ring as determined by 
mye, the most intense having a relative intensity of the 
Bader 1, the sccond most intense having an order of rela- 
Mmgemntensity of 2, etc. These computed and recorded 
NSSDacinss and orders of relative intensity are thon com- 
Mereed directiy with that A£.S.T.M. INDEX CaRD which matches 
Exe ctosoly (see page h2 , APPENDIX). This method of 
Eentification using Aá.S. Temo Index Cards is known as the 
HaNAWALT mothoa'9), 

Boc otnor motaoc of idemnuificatlon Js simply direct 
comparison of the pattern of the unknown with other pat- 


££ 


NES of Similar materials, and by direct matching or 


O 


similarity of patterns, the unknown is identified. Se 
RESULTS AND CONCLUSIONS for further discussion of iden- 
۲۰۰٠۰ ۰٦1ہ‎ procedures. 

۰۰۰۱۷۰۷۷۷ PRINTS OF PATTEHNS. Positive prints of 
Bucudiffraction patterns were nado on glossy printing 


mer lollowin:s tne standard procedure for printing. 
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RESULTS AND CONCLUSIONS 


The clay particle size passing a No. 200 mesh sieve 
and retained on a No. 525 mesh sieve proved to be the op- 
m particle size or obtaining sharp and complete 
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sizes not 
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e diffraction patterns, Tho 


massing a No. 200 mesh sieve were toc large giving "Laue 
spots" (9), scattered spots, which disfizured the patterns 


(see the pattern for the Cry, as received bentonite). 
w n Cle sizes much smaller than those passing a No. 525 
mesh Sieve were too small requiring excessive times of 
ENssSuro and giving patterns whilch were diffuse. 

mec 051 tbc esbrucine device, with Duco cement as 4 
binder, producing thread-like samples 0.020" in diameter 
successful in that the specimens were the proper shape, 
Smee and consistency giving the sharp, complete patterns 
Eh appear in the APPENDIX. (Sec APPENDIX Tor prints of 
all patterns). 

mmo Anadequacy of the use cor polyetbylono tuolme and 
OF rollin; the sample between glass slides is illustrated 
٣۰٠٠٠٠٦٢٣ Prospective pattorns. 

Evi coelluioso tubing formed on copper wire O.5 im. 
Bi dtameter was the solution for mounting the hydrated 


Simples. sharp, clear and undistortcd patterns resulted 


from this method, Difficulty was cxperienced in effectively 





~ 
sealing the tubcs and slight loss of moisture occurred 


1 
mes 


it impossible to retain the samples in their orig- 


ra 
pe 
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مو‎ 
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ells hydrated state. Dehydration occurred at a rate 


Se 


Slow to affect the diffraction patterns. 


ta 
5 
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methods used for preparing both the dry and 
myoratbed samples are simple anc quick and produce specimens 
Euch aro casy to handle. 

loce Tino of the K serios of copper radiation game 
Eun samplo nenetration vith minirium oxposure. 

Mio Debyo Sherrer powder camora, 5.7 cm. in ciamoter, 
۳۰۰۰٠ Listectory for kaolinite amd illite diffraction 
Moras. The large basal plane spacing occurring in the 
۳۰۰ 1٦0 could not be recorded using the powder camera 
Memes Necessary the use oz: the flat cassette discussed 
under APPARATUS. 

Of the x-ray films available, Kodak Industrial x-ray 
EN "voco K is the best for xeray diffraction of clays as 


۳۰ ۱ ۷9۵۵ the maximum contrast with the highest relative 


Hsc interpretation of the diffraction patterns Wes 
۰۰۰ to the analysis of interplanar spacings only (see 
pages 36 and 37 for a complete tabulation of these 
Bpecenss). No attempt at crystal analysis was mado as 
it requires extensive knowledge and experience in crystal- 
٠. 


۳۰۰۰۰٠۰۶ ۲۲ 1901101 1-1-۳1 tho thosry of the activity of bene 





کے رت 


tonite in adsorption reactions with various cations and 
Mith wator, the diffraction patterns of the Rocx River, 
Wyoming bentonite showed a marked change in the basal plane 
spacing. The change in spacing varicd in accordance with 
ture of thc adsorbed ion, or ions, and with the 
Meeree of hydration. A comparison of the basal plane 
Spacings of the bentonite prepared by electrodialysis and 


mepration is as follows: 


b 


P n-ary: ii» Ca>Na>k 
Emu- hvdratod: H > Ra > K ~ Ca 
Met change (swelling): Na>X>Ca>H 
۱۱ tae vcentonite prepared by HC] displacement and poten- 


meometric titrations 


M n-ary: K>H>Ca> Na 


2 


os v hydrated: Hs Ca JK and Na were not obtain- 


able for ceasons unich are 
Met change (swelling): H>Ce<j)explaired below, 

(12) 3 o اج‎ ۰ e : 
Barshad optalnod the folloying results for boston edo 
Enmoront origins: 

Oven-dry (tine and temperature unknown): Ca» jl> K » Na 
Poyyoretcd (immorsed in water): Na> H> Ca>K 
we chanzo (swellings): Na> H> Ca> K 
۳۰۰٦۰۶۹77۰0۰۱۱٥٥ in the above results aro bolieved due to: 
ENNdifforent m taods vsed in prepuration of samples with 


E ccuent difference in quality of samples, and (2) unlike 


Meerecs Of hydration and 0877 0 . incsirict 3ccord ee 


و 


Ee the crysval] radii and the hydrated redii o he cations 
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111 01156 و0‎ the order of basal plane spacing should bo: 

Dry: Ca>K>Na (?H) 

Hydrated: Na>K>Ca (?H) 

Three reasons why this order of spacing was not obtained 
are: 

(1) The methods used for the preparation of the samples 

are open to question as no positive means of sample analysis 
was undertaken, i.c., it was not known if the clays were 
truly homo-ionic. 

(2) It is doubtful if the complete dehydration of a clay can 
de accomplished without destroying the lattice structure 

and if dehydrated ions can exist within tho clay. 

(3) brying homo-ionic clays under the same conditions doos 
not mean that cach has the same moisture content, 

The innermost ring of a montmorillonite type clay is 
an indication of the nature of the adsorbed ion and the 
extent to which the clay has completed its reaction with 
water. <A sharp ring denotes that the clay is principally 
saturated with only one ion whereas a broad, diffuse ring 
indicates saturation with a mixture of ions. (See benton- 
ite patterns, pagos 57 and 59 ). With a complete set of 
standards including such information as the origin of the 
clay, method of preparation, and condition of moisture, it 
would be possible to more nearly cstablish the [9 of 
the adsorbed ion of a homo-ionic clay by comparison of 


basal plane spacings. This could not bo applied tc clays 
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۳۰۰۰۱ 000 with ions Wich have the same valence and hy- 
Beeted ind dehydrated radii such as catt and ۳ 
Ec Such standardsaare not presently available, x=ray 


0000 00000101011 cannot be used to establish cofinitely the iden- 


۳۲ Or the adsorbecd ion or ions. 
Mm rie reaction between bentonite and Water has not 


EN completion, i.c., the clay is in the process of ad- 


EE nr water into its lattice structurc, the innermost ring 


٣ 


Mars broca and diffuse, 


Due to the similarity in tine d¿yy spacings of the bon- 


EN Uo somplcs x-revcd, it is bolicvod that they were all 


ying 


9872070076۴۳ 
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E cuem:nantly hydrosen bentonites with ve 
00000 rarogen ton replaced by the other respective ions. 
۳ 1۳, 2 وم‎ Cak vontonites hd basal plano so5cinss 
A UBER ES SE. کا ات‎ e 

Meee COrrosponded more nearly to the spacing for tne hy- 
۳۰۰۰ Dentonite than to the spacings as established by 
Meer investicators(9)(8)and(12) rop bentonite saturated 
MS the Other ions, 

mee interplenar spacings of kaolinite remained Constant 
Eus that the Lattice structure of kaolinite is such that 


tons and molecules of water ure adsorbed on the surface of 


MSC Lar rather than within tho structure itself, 
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۱۳ 1: ابا‎ senmplo used head no inner ring ind 
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EN Unsufficlont illito was prosent in the natorials, By 
ECO os os Las nas 


meamparison cf tlic diz 


Eni, it was found to be similar to the pattern for an 





ida 


MN Inala shale as found in reference (9), 
Mie Hamewalt method Por the identification of clays 
Mem Locir diffraction petterns involves tne use of A.S. 


E Ud Indices wicreingaths intcrvlanar spacings and 


- 
t-~ 


٢٣٠۰. orders of intensity of the unknown are compared 
EE thoso epoearing cn the index cards, This method is 
EuS:tpatoed in figures B and B , pages l2 and 60 , 
i? limitcd value as the number of index cards for 
EE niwerals is insufficient and the cards lack such 

EN Scary iniormstion as the orig.n cf the clay, condition 


uuoswWebhod cf cirect comparison of patterns of wie 


ونم 


Meee Vth patterns cr Knownematerials is a quick and 77 


MENOS or Gotermining the type of clay mineral.  Excollont 
Actor ras of known clay minerals which could bo used for 
E CE comparison are shown in fizuro 6 , pago 80, 

mic possible sources of error in tho x-ray analysis 
۲-٦ in this tnesis are: 
ENSNUacontrol!od moisture, both dry and hydrated, 
(2) Microscopic irrcgulurities in shape of specimen which 
See croate slight distortions. 
(5) Possible film shrinkage = considered negligible due to 
Seectul developin«s. 

d ER ER 


(4) Sample, when ixountod in the powder camera, may deviate 


from a verticel straight line thus offering possible source 





oe 


(5) Errors involved in measuring distance from center of 
femolc to surface of Tilm in flat cassettes 
(6) Human errors involved with use of measuring device for 
۱ of diffraction rings. 

BEES GdIII CELIO is of inestimable value for the 
Mia of clay minerals for the following reasons(8); 


(a) Tho tochnique requirod to make x-ray patterns is 


٣:7797 1:7۰۲0‏ 36ز 


pro 


T inco this method is Indestructivs, the sample can 


be uscd for further studi¿s by OLE 


e 


Men” Only a very small amount (less than 0.01 of a 
gram) of the material is necded to make up a sample. 
fd) Only & limited accuracy in mcasuremcnts is noces- 


sary when making a qualitetivo analysis. 


lo 


We) A flie of diffraction patterns constitutes a per- 


i 


gonont record. 

lust be notod, howover, that x-ray diffraction is 
Bor a panacea for all De ععع‎ amd its utility is usus Tmin 
E 000102920137 enhanced if it is used in connection with 
gee methods, esoocially differential thermal, chemical, 
EUNpecuro5nraphic analysos. This is particularly true 
hS investigation of complex mixtures because at the 
BENSSent time, an appreciable amount of a constituent, from 
Eno to thirty percont(i$), must bo present Gn ewuixture 
MOTE its presence can be detected. Use of improved 


tecaniques shoul:ll den much to correct this situation(8), 
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In order to fully utilize the method of x-ray diffraction 
Mer tic enalysis of clay minerals, it is important that a 
complete file of standard diffraction patterns be established 
for all the netural minerals under the montmorillonite, 
< and l:solinitê groups of basic clay minerals. Bach of 
Minerals constituting the file of standard patterns 
ü bo x-prayod in its natural statc. Also the bentonites 


۱۳۲۰۱ فقو‎ should be carefully Uu ted such that each ds 


re 


and 
Barely saturated with single types of cations in the Hofi- 

Meaqater series. ‘They can then be x-rayed producing complete 

Er and uniform diffraction patterns forming 4 necessary 


£ 


Mert Ol the file of standard patterns. Further work should 
moo oC dons in carefully treating these clays such that 
Mees percentages of different ions are adsorbed within 
Bear lattices. It is fully realized that such work would 
EN vDromoly difficult, but at the same time, it is con- 
Ted neccessary for a complete file. Included with each 
Eae above patterns should bo tho following important 
mation: origin of elay, method used for ionic satura- 
mon, quantitative and qualitative analysis of clay, con- 
Eon Of moisture giving percent hydration, and tabulated 
EN »pinnapr spacings and orders of relative intensities. 
Buen information could bo obteinod and cheekod by tho 


٣۰٦٣٠۶٥۰۹ use of otner methods of clay analysis including 


R^ 





rs 


SF wtudlos, differential thermal analysis, op- 
Beer analysis, dehydration curves, and quantitative and 


mali bative chemical analysis. Several of the foregoing 


a 


methods of analysis should always be used in conjunction 
ENS x-ray analysis of clays. “ith a complete set of 
standard patterns as outlined above, x-ray analysis would 
Meme quick, accurate and easy method for determining the 
۳۳ رصان‎ structural classificatien, nawburt of adsembed 
Bon end positive identification, Without the prescribed 
meormation which should be included with each pattern, the 
fee OL patterns would be relatively worthless. 

1069768001 کی1‎ and valwmablu „study womld be that of 
EE 1uning tne swellinz charactsristics in detail of ox- 
Peeters inttice-type clays by carefully controlled methods 
۳۰۰۰-٦۶٤٥8۵1۲۳۰0 cegrsos of hydration, using x-ray diffrac- 


eee FO actect and record the progress of swelling of tho 
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rom its "dry" state to its completely hydrated state. 


MS could serve as an informative insight as to the nature 


an 
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ere 5861112185 017 clays due to hydration. 

Associations of montmorillonite with organic materials 
Mave been studied from time to time and it is recommended 
E tiurther research be conducted in this field as it has 
alrcedy resulted in important discoveries relating to moro 
accurate and detailed analyses of clays by x-ray diffraction(i9) 


Pi technique of x-ray diffractions an developed in 


this thesis is considered highly ٴ۰‎ Lor UO 
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Auplicate; however, it is recommended that future investi- 
Bavors in this work devise a more effective mothed for 
sealing the small plastic tubes so that no escape of mois- 
EN ul) oceupr from the hydrated clay samples. Such future 
Mavestitatcrs should also become more familiar with the 
Memence of crystallography thereby putting themselves in a 


mero acvantagcous position to extract information, in 


Miro i0n to what was brought out in this thesis, from tho 


Calibration or the powder camera using a known stan- 
Buch as NaCl and the usc of cquivalent radii fer the 
EN 1110013 of d-spacings recorded on flat cassettes are 
EN ended for tas elimination of any possible sources af 
meror ane to a non-vertical sample mounted in the powder 
EUER and duce to inaccuracies involved in measuring tne 
^ 


Ebsneo fron tne center of the sample to the surface of 


۲ 11111 in & flat cassette. 
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entonite pattern obtuüinod by use of polyethylene 
Mibin= mounted in powder camera. Note irregularity and 
EU Uuseness of pattcrm No inner ring appears on right side 


SS Toa Of hole. 





END P.I Bontonito pattorn using oxtruded dry sarple mounted 
Ia comora. Note improvement over figure A in Sharpness 
EE ہر‎ of diffraction rings. No inner ring: appears 
Marca of holc. 
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Meee C. Bentonit: pattern using glass slides to roll pow- 
dercd sample mixed with Duce cement. 
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Figure A.  Extruding device showing extruded sample 


lew 





cure B. Plastic capillary tubing showing: 
Tube with forming wire partially withdrawn. 
Plastic tubing 
Plastic tube, filled and sealed by heat. 


Tubes are of 0.5 mm inner diameter. 
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Figure 4. Bradfield three cell electrodialyzer 





Figure B. X-ray tube and powder cameras 
left - Flat cassette and base 
right - Debye-Ssherrer powder camera 
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SAMPLE 7-055 
Dcbyc-Sherrcr powder camera: 
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where n order = 1 
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2 sine 22 cm.) 
x oe Om 


Plat Cassette Cameras 
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Mere s = distance from sample to rilm 2 6.0 cm. 


Fo» 5s-procoivod Bentonite-oven dry %,o] = 0.695 cm. 
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